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Description

Field of the Invention

[0001] This invention relates to a method for delignifying and bleaching lignocellulosic pulp with a gaseous bleaching
agent containing ozone, the use of a reactor apparatus for ozone bleaching of high consistency pulp and a high consistency
pulp/ozone bleaching reactor apparatus.

Background of the Invention

[0002] To avoid the use of chlorine as a bleaching agent for pulp or other lignocellulosic materials, the use of ozone
in the bleaching of chemical pulp has previously been attempted. Although ozone may initially appear to be an ideal
material for bleaching lignocellulosic materials, the exceptional oxidative properties of ozone and its relatively high cost
have previously limited the development of satisfactory ozone bleaching processes for lignocellulosic materials in general
and especially for southern softwoods.
[0003] Ozone will readily react with lignin to effectively reduce the amount of lignin in the pulp, but it will also, under
many conditions, aggressively attack the carbohydrate which comprises the cellulosic fibers of the wood to substantially
reduce the strength of the resultant pulp. Ozone, likewise, is extremely sensitive to process conditions such as pH with
respect to its oxidative and chemical stability. Changes in these process conditions can significantly after the reactivity
of ozone with respect to the lignocellulosic materials.
[0004] Since the delignifying capabilities of ozone were first recognized around the tum of the century, there has been
substantial and continuous work by numerous persons in the field to develop a commercially suitable method using
ozone in the bleaching of lignocellulosic materials. Furthermore, numerous articles and patents have been published in
this area, and there have been reports of attempts at conducting ozone bleaching on a non-commercial pilot scale basis.
For example, US-A-2,466,633 to Brabender et al., describes a bleaching process wherein ozone is passed through a
pulp having a moisture content (adjusted to an oven dry consistency) of between 25 and 55 per cent and a pH adjusted
to the range of 4 to 7.
[0005] Other non-chlorine bleach sequences are described by S. Rothenberg, D. Robinson & D. Johnsonbaugh,
"Bleaching of Oxygen Pulps with Ozone*, Tappi, 182-185 (1975) - Z, ZEZ, ZP and ZPa (Pa-peroxyacetic acid); and N.
Soteland, "Bleaching of Chemical Pulps with Oxygen and Ozone", Pulp and Paper Magazine of Canada, T153-58 (1974)
- OZEP, OP and ZP. Further, US-A-4,796,043 to Singh discloses a multistage bleaching process utilizing ozone and
peroxide which also attempts to eliminate the use of chlorine compounds, and includes recycling of effluents.
[0006] Various bleaching apparatus utilizing a central shaft with arm members attached thereto are generally known
(see, e. g. US-A-1,591,070 to Wolf, 1,642,978 and 1.643,566, each to Thorne, 2,431,478 to Hill, and 4, 298,426 to
Torregrossa et al.). Also, US-A-3,630,828 to Liebergott at al. and 3,725,193 to de Montigny et al. each disclose a
bleaching apparatus for use with pulp having a consistency of above 15 percent, which apparatus includes a rotating
shaft having radially spaced breaker arms for comminuting the pulp. Richter US-A-4,093,506 discloses a method and
apparatus for the continuous distribution and mixing of high consistency pulp with a treatment fluid such as chlorine or
chlorine dioxide. The apparatus consists of aconcentric housing having a cylindrical portion, a generally converging
open conical portion extending outwardly from one end of the cylindrical portion, and a closed wall extending inwardly
from the other end of the cylindrical portion. A rotor shaft mounted within the housing includes a hub to which a plurality
of arms are attached. These arms are each connected to a transport blade or wing. Rotation of the shaft allows the
treatment fluid to be distributed in and mixed with the pulp "as evenly as possible".
[0007] Fritzvold US-A-4,278,496 discloses a vertical ozonizer for treating high consistency (i.e., 35-50%) pulp. Both
oxygen/ozone gas and the pulp (at a pH of about 5) are conveyed into the top of the reactor to be distributed across the
entire cross-section, such that the gas comes in intimate contact with the pulp particles. The pulp and gas mixture is
distributed in layers on supporting means in a series of subjacent chambers. The supporting means includes apertures
or slits having a shape such that the pulp forms mass bridges thereacross, while the gas passes throughout the entire
reactor in intimate contact with the pulp.
[0008] Displacement of pulp through the reactor takes place by the repeated but controlled breaking of the supporting
means by the rotation of the breaking means which are attached to and rotated by a central shaft. This allows the pulp
to pass through the apertures and into the subjacent chambers. Fritzvold et al. US-A-4.,123,317 more specifically
discloses the reactor described in the aforementioned Fritzvold’496 patent. This reactor also is used for treating pulp
with an oxygen/ozone gas mixture.
[0009] US-A-4,468,286 and 4,426,256 each to Johnson disclose a method and apparatus for continuous treatment
of paper pulp with ozone. The pulp and ozone are passed along different paths either together or separately.
[0010] US-A-4,363,697 (=EP-A1-0.030.158) illustrates certain screw flight conveyors which are modified by including
paddles, cut and folded screw flights or combinations thereof for use in the bleaching of low consistency pulp with oxygen.
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The method according to this document is used to process low or medium consistency pulp by use of oxygen delignifi-
cation. The method according to the present invention uses ozone to process high consistency pulp. Ozone is far more
reactive than oxygen, and ozone is self-reactive. The high reactivity of ozone allows the reaction to go essentially to
completion before any appreciable reaction occurs between the pulp and the carrier gas, which is oxygen.
[0011] FR-A1-1, 441,787 and EP-A-276,608 each disclose other methods for bleaching pulp with ozone.
[0012] EP-A-308,314 discloses a reactor for bleaching pulp with ozone utilizing a closed flight screw conveyor, wherein
the ozone gas is pumped through a central shaft for distribution throughout the reactor. The pulp has a consistency of
20-50%, and the ozone concentration of the treating gas is between 4 and 10% so that 2 to 8% application of ozone on
O.D. fiber is achieved. The screw conveyor is an advancing means, but is not a dispersing means, and cannot lift,
displace, and toss the pulp in a radial direction in the manner as in the present invention. The conveyor pushes a thin
layer of pulp along the bottom of a shell, and thus exposes only a thin layer of pulp on the bottom of the chamber to the
ozone containing gas mixture. This allows the pulp-ozone reaction to occur at the surface of the pulp layer, but not
throughout the pulp, as in the present invention. From the prospect 06/89 of the Kraftanlagen Heidelberg, "Die Pilotanlage
für das ASAM-Verfahren, an ozone bleading reactor in which the pulp is blown into a tower with three stages, after which
it drops into a water tank, is known.
[0013] Despite all of the research conducted in this area, however, no commercially feasible process for the manu-
facture of ozone bleaching lignocellulosic pulps from softwood and related pulps, especially southern softwood, has
heretofore been disclosed, and numerous failures have been reported.
[0014] The present invention provides a novel method and apparatus with ozone containing bleaching agent for
bleaching pulp having a consistency of greater than 20% which overcomes the problems encountered in the prior art
as discussed herein to produce a high grade bleached pulp in a commercially feasible manner.

Summary of the Invention

[0015] The present invention relates to a method for bleaching pulp particles from a first GE brightness to a second,
higher GE brightness with ozone as gaseous bleaching agent as stated in claim 1: the use of a reactor apparatus as
stated in claim 17; and a high consistency pulp/ozone bleaching reactor apparatus as stated in claim 28. This apparatus
comprises a shell and means for introducing pulp particles into the shell. The pulp particles should have a consistency
of above 20%, a first GE brightness and a particle size sufficient to facilitate substantially complete penetration of a
majority of the pulp particles by a gaseous bleaching agent when exposed thereto.
[0016] The apparatus also includes means for introducing a gaseous bleaching agent containing ozone into the shell
and means for dispersing the pulp particles into the gaseous bleaching agent while advancing the pulp particles through
the shell. The dispersing and advancing means comprises means for intimately contacting, mixing and dispersing the
pulp particles with the gaseous bleaching agent while lifting, displacing and tossing the pulp particles in a radial direction
and advancing the pulp particles in an axial direction so that the gaseous bleaching agent flows and surrounds the lifted,
displaced and tossed pulp particles. This exposes substantially all surfaces of the majority of the pulp particles to the
gaseous bleaching agent.
[0017] The dispersing and advancing means advances the dispersed pulp particles in a plug flow-like manner for a
sufficient residence time during which the temperature is maintained sufficient to achieve a mass transfer of the gaseous
bleaching agent into the pulp particles. This, in turn, produces substantially uniform bleaching throughout the majority
of the pulp particles to form a bleached pulp having a second, higher GE brightness. The residence time is based upon
reactor dimensions, the feed rate of the incoming particles, and the configuration and operation of the dispersing and
advancing means. Further, the shell of the apparatus can be oriented so as to utilize the force of gravity to assist in the
advancement of the pulp particles.
[0018] The gaseous bleaching agent introducing means controls the flow rate and residence time for the gaseous
bleaching agent in the shell. This is achieved by control of the flow rate of the feed gas stream in conjunction with the
fill level of solids in the reactor. The feed gas has a specific ozone concentration, such that the level of ozone applied
to the pulp is as desired. Control of the feed gas flow rate and ozone concentration in conjunction with intimate mixing
and contact with the pulp particles results in a high mass transfer of the gaseous bleaching agent into the pulp so as to
bleach the pulp to the desired brightness level.
[0019] The pulp particle dispersing and advancing means includes a paddle conveyor having a shaft extending through
the shell along a longitudinal axis thereof and having a first end positioned adjacent to the end of the shell where the
pulp particles enter, and a second end positioned adjacent to the end of the shell where the pulp particles exit. The shaft
includes a plurality of paddle blades extending radially from and attached to the shaft and positioned and oriented in a
predetermined pattern representative of the desired pitch of the paddle conveyor. In addition to pitch, the paddle spacing
around the shaft, the paddle size and shape, and the paddle angle of orientation are preferably selected to achieve the
desired movement of pulp particles through the shell.
[0020] For any embodiment, the pitch of the paddle blades may be decreased at the same shaft RPM to obtain higher
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fill levels. This increases pulp residence time in the apparatus to thereby obtain increased conversion of the gaseous
bleaching agent. The pitch at the first end of the shaft can be higher than the pitch at the second end of the shaft to
provide an increased conveying rate in the pulp entrance end of the shell, where the pulp has the lowest bulk density.
Also, the pitch can be modified to reduce conveying efficiency, such that the shaft can be rotated at higher RPM for
more efficient contact of the pulp particles with the gaseous bleaching agent and increased conversion of the gaseous
bleaching agent, while maintaining a substantially constant residence time of pulp particles therein.
[0021] The pulp particle dispersing and advancing means of the apparatus, i.e. the paddle conveyor, may also be
adjusted to reduce the fill level of the pulp particles in the shell. This adjustment can be accomplished by providing a
first conveyor section which has a higher conveying rate. This first conveyor section is operatively associated with a
second conveyor section for dispersing the pulp particles in the gaseous bleaching agent. Advantageously, the first and
second conveyor sections include conveying elements, such as paddles, mounted on a common shaft at a distance
sufficient to minimize or avoid bridging or plugging of the pulp particles therebetween. Also, means for controlling operating
parameters of the first and second conveyor sections can be used to provide a desired reactor fill level, pulp particle
residence time and/or bleaching agent residence time.
[0022] In a preferred arrangement, the shell has two shell sections, one mounted above the other and facing in opposite
directions. The first (or upper) shell section includes the first and second conveyor sections through which the pulp
advances to a conduit leading to the lower shell section where the pulp is further treated as it is advanced by a third
conveyor section to the exit of the lower shell section. This arrangement conserves plant space.
[0023] Gas flow through the apparatus may be cocurrent (same direction) or countercurrent to the advancing pulp,
although countercurrent gas flow is preferred. Further, the means for introducing the gaseous bleaching agent into the
shell can be located at a single position which introduces the gaseous bleaching agent cocurrently or countercurrently
to the advancing pulp at one or multiple locations.
[0024] A dilution tank may be used for receiving the bleached pulp and residual gaseous bleaching agent. The apparatus
further includes means for recovering the residual gaseous bleaching agent and means for recovering the bleached
pulp. The means for recovering bleached pulp comprises a first outlet located in a lower portion of the dilution tank and,
for cocurrent gas flow, the means for recovering the residual gaseous bleaching agent comprises a second outlet located
at an upper portion of the dilution tank.
[0025] A particularly useful component of the present apparatus includes means for comminuting the pulp particles.
Such means is operatively associated with the means for introducing the pulp particles into the shell.

Brief Description of the Drawings

[0026]

FIG. 1 is a graph of shaft RPM vs. pulp consolidation pressure for different diameter pulp conveyors;
FIG. 2 is a graph of pulp consolidation pressure vs, critical paddle spacing for a 42% consistency southern softwood
pulp;
FIG. 3 is a graph of lithium concentration of pulp exiting the reactor vs. time after lithium-treated pulp is added at
the reactor entrance as an indicator to determine the residence time of the pulp in the reactor for certain paddle
conveyors;
FIG. 4 is a graph of relatively wide and narrow pulp residence time distributions for certain paddle conveyors:
FIG. 5 is a graph of reactor fill level vs, shaft speed for different paddle conveyors;
FIG. 6 is a graph of pulp residence times vs. shaft speed for different paddle conveyors;
FIG. 7 is a side view of a preferred ozone reactor in accordance with the invention;
FIG. 8 is an enlarged side view of the reactor of FIG. 7;
FIGS. 9A and 9B are views of the paddle conveyors for the reactor of FIG. 7;
FIG. 10 is a cross-sectional view of the reactor of FIG. 8 taken along line 10--10;
FIGS. 11 and 12 are perspective and side views of a typical paddle for use on the conveyor of FIGS. 9A and 9B;
FIG. 13 is a graph of lithium concentration of pulp exiting the reactor vs time after lithium-treated pulp is added at
the reactor entrance for the paddle conveyor of Example 5:
FIGS. 14-16 are photographs looking into the reactor along a line parallel with the shalt to show pulp dispersion as
a function of various shaft speeds: and
FIGS. 17-20 are views of different conveying elements.

Detailed Description of the Invention

[0027] The reactor of the present invention utilizes a gaseous bleaching agent, such as ozone, while minimizing the
degree of attack upon the cellulosic portion of the wood, thus forming a product having acceptable strength properties



EP 0 512 098 B2

5

5

10

15

20

25

30

35

40

45

50

55

for the manufacture of papers and various paper products. Before describing the details of the reactor apparatus, it is
beneficial to have an understanding of the underlying delignifying and bleaching process in which the apparatus is
employed.
[0028] The ozone gas which is used in the bleaching process may be employed as a mixture of ozone with oxygen
and/or an inert gas, or as a mixture of ozone with air. The amount of ozone which can satisfactorily be incorporated into
the treatment gases is limited by the stability of the ozone in the gas mixture. Ozone gas mixtures which typically, but
not necessarily, contain about 1-8% by weight of ozone/oxygen mixture, or 1-4% by weight of ozone/air mixture, are
suitable for use in this invention..A preferred mixture is 6% ozone with the balance predominantly oxygen. The higher
concentration of ozone in the ozone/oxygen mixture allows for the use of relatively smaller size reactors and a shorter
reaction time to treat equivalent amounts of pulp, thereby lessening the capital cost required for the equipment.
[0029] A further controlling factor for the bleaching of the pulp is the relative weight of the ozone used to bleach a
given weight of the pulp. This amount is determined, at least in part, by the amount of lignin which is to be removed
during the ozone bleaching process, balanced against the relative amount of degradation of the cellulose which can be
tolerated during ozone bleaching. Preferably, an amount of ozone is used which will react with about 50% to 70% of the
lignin present in the pulp.
[0030] There are many methods of measuring the degree of delignification but most are variations of the permanganate
test. The normal permanganate test provides a permanganate or "K No." which is the number of cubic centimeters of
tenth normal potassium permanganate solution consumed by one gram of oven dried pulp under specified conditions.
It is determined by TAPPI Standard Test T-214.
[0031] The entire amount of lignin, evidenced by the final K No., should be such that the ozone does not react
excessively with the cellulose to substantially decrease the degree of polymerization of the cellulose. Preferably, the
amount of ozone added, based on the oven dried weight of the pulp, typically is from about 0.2% to about 2% to reach
the desired lignin levels. Higher amounts may be required if significant quantities of dissolved solids are present in the
system. Since ozone is relatively expensive, it is advantageous and cost effective to utilize the smallest amounts nec-
essary to obtain the desired bleaching.
[0032] The duration of the reaction used for the ozone bleaching step is determined by the desired degree of completion
of the ozone bleaching reaction as indicated by complete or substantially complete consumption of the ozone which is
utilized. This time will vary depending upon the concentration of the ozone in the ozone gas mixture, with relatively more
concentrated ozone mixtures reacting more quickly, and the relative amount of lignin which it is desired to remove. The
preferred residence times for pulp and gas are described in further detail below.
[0033] An important feature of the invention is that the pulp be bleached uniformly. This feature is obtained in part by
the comminution of the pulp prior to the treatment with ozone into discrete pulp particles of a sufficient size and of a
sufficiently low bulk density so that the ozone gas mixture will completely penetrate a majority of the fiber flocs.
[0034] A still further important feature of the invention is that during the ozone bleaching process the particles to be
bleached should be exposed to the ozone bleaching mixture by mixing so as to allow approximately equal access of the
ozone gas mixture to all flocs. The mixing of the pulp in the ozone gas mixture gives superior results with regard to
uniformity as compared to the results obtained with a static or moving bed of pulp, wherein some of the pulp is isolated
from the ozone gas relative to other pulp due to differences in bed height and bulk density at various positions within
the bed. This causes non-uniform passage of the ozone-containing gas through the fiber bed which in turn results in
non-uniform gas-pulp contact and non-uniform bleaching. The apparatus of the present invention has more ability to
minimize pressure drop and is also more flexible in that it can readily be run with ozone gas moving cocurrently or
countercurrently to the pulp compared to a bed reactor which uses only cocurrent movement.
[0035] In order to understand the unique features of the reactor of the present invention, one must be familiar with the
terms and principles used in the conveying of solids utilizing screw conveyors. The concept of the pitch of such conveyors
is well known to those skilled in the art (see, e.g., Colijn, H., "Mechanical Conveyors for Bulk Solids," Elsevier, New York,
1985).
[0036] For a closed flight screw conveyor, for example, the pitch is the distance measured from any point on a screw
flight to the corresponding point on an adjacent screw flight, measured parallel to the shaft axis. (The corresponding
point can be found by following the edge of the flight for 360° about the shaft). For a full pitch screw, the measured
distance between these points is equal to the diameter of the screw flight.
[0037] A variation of the closed flight screw conveyor is one which uses discrete paddles which are positioned in
spaced relation along the helical line that the closed flight screw conveyor would follow. Thus, in a paddle conveyor, the
paddles replace screw flights, and the pitch is the distance from any point on a paddle to a corresponding point on an
adjacent paddle measured parallel to the shaft axis. For certain paddle configurations, however, some of the paddles
are removed, and in that situation the corresponding point is the point where the paddle would have been after a rotation
of 360° when following a path along and between the edges of the paddles.
[0038] The terminology for designating paddle spacing includes an angular relationship and a spacing determined by
pitch. For example, a 60° full pitch paddle configuration for an ca. 458 mm (18’’) diameter conveyor has the first six
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paddles spaced ca. 76 mm (3") apart along the axis of the shaft with each successive paddle placed 60° around the
circumference of the shaft from the previous paddle. The paddle pattern then repeats over the next ca. 458 mm (18").
A 120° full pitch paddle configuration for the same ca. 458 mm (18") diameter conveyor has the first three paddles spaced
ca. 152 mm (6°) apart along the shaft axis with each successive paddle spaced 120° around the shaft circumference.
The paddle pattern then repeats over the next ca. 458 mm (18"). A 120° half pitch paddle configuration for the same
18° diameter conveyor would have paddles spaced ca. 76 mm (3’’) apart along the shaft axis with each successive
paddle spaced 120° around the shaft circumference. Again, there is a repetition of the paddle pattern which appears on
the first ca. 458 mm (18°) of paddle axial length.
[0039] The 240° paddle configuration requires additional discussion. As an example, a 240° quarter pitch paddle
configuration for an ca. 458 mm (18°) conveyor also has six paddles spaced ca. 76 mm (3°) apart along the shaft axis,
but now each successive paddle is placed 240° around the shaft circumference. For a subsequent ca. 458 mm (18’’)
length of shaft, this pattern would repeat. By plotting a helical path along the edges of the paddles, one would find that
four repeating helices are generated every ca. 458 mm (18") along the shaft by the six paddles: thus, the one-quarter
pitch arrangement is confirmed, but only the first, fourth and seventh paddles are at a 12 o’clock (or 0 degree) position
over the ca. 458 mm (18") shaft length.
[0040] There are numerous other variables which can be controlled in paddle conveyors. The paddle angle is the
orientation of an individual paddle measured by a line projected down to the shaft from the face of the paddle with respect
to a line parallel to the axis of the shaft. As one skilled in the conveying art would know, a paddle angle of 45° provides
greatest axial forces (i.e., in the direction of the shaft axis) to the material to be conveyed. As this angle is decreased
toward 0 or increased toward 90°, axial forces are decreased. At 0 and 90°, no axial forces are provided at all.
[0041] A distinct advantage of use of the paddle configuration as opposed to other alternative configurations, such as
the ribbon mixer and the continuous screw with the bent openings on the flights, is that with the paddles there is the
option of providing a unique and defined orientation of the paddle relative to the axis of rotation. By this is meant that
the paddles may be attached to the shaft at specific points along the axis of rotation. Further, the paddle angle defined
above can be arranged such that the paddles can be specifically oriented to provide either a forward or backward motion
of the material being processed through the reactor. This has the advantage that in the use of the apparatus, the paddles
can be oriented as required to provide a given amount of reaction in a given portion of the reactor or to either retard or
advance the material being processed. A further advantage of paddles is that the individual paddles can be readily
adjusted to provide changes with regard to operating conditions between different types of woods or different processing
conditions as opposed to the continuous screw, and the like, which might require replacement of the entire unit.
[0042] The paddle size and shape are additional variables. The physical dimensions of particular flat paddles for use
in various diameter paddle conveyors have been standardized by the Conveyor Equipment Manufacturer’s Association
("CEMA") in their bulletin ANSI/CEMA 300-1981 entitled "Screw Conveyor Dimensional Standards". This bulletin may
be referred to for specific dimensional details and alternate conveying element configurations. Also, other shapes such
as cupped, curved, or angled paddle designs can be adopted depending upon the desired bleaching results.
[0043] Finally, paddle conveyors have a certain "hand" which, in conjunction with the direction of rotation of the shaft
determines an axial direction of flow of the material to be conveyed. A "left hand" configuration on a shaft which is rotated
in a clockwise direction, when viewed from the end of the shaft, conveys material away from the viewer, while a "right
hand" configuration rotated clockwise conveys material toward the viewer. For counterclockwise rotation, the material
is conveyed oppositely: the flow direction is reversed by reversing the direction of rotation.
[0044] While the preferred mode of operation of the apparatus of the present invention utilizes a vessel fill level of
about 10 to 50 and preferably about 15 to 40 percent, image analysis techniques have shown that the majority of the
pulp fibers placed in the reactor of the present invention are suspended in the gas phase. This is in contrast to the fibers
being moved along the bottom of the conveying tube as would normally be expected when using a closed flight continuous
screw conveyor.
[0045] "Fill level" as used herein refers to the amount of pulp in the open spaces of the reactor by volume. For example,
a fill level of 25% indicates that 25% of the open spaces of the reactor are filled with pulp, based on the bulk density of
the pulp when it is at rest, the amount of pulp in the reactor, and the reactor volume. For any particular conveyor design,
pulp feed and shaft RPM, a particular fill level is obtained. By varying RPM at constant pulp feed rate, the fill level can
be changed. If the RPMs are increased, the fill level is reduced correspondingly. For the present invention, the fill level
must be sufficient to enable a significant proportion of pulp to be dispersed. This generally requires a fill level of above
10%. Similarly, the fill level is preferably less than about 50% so as to provide sufficient open space into which the pulp
can be dispersed. Advantageous fill levels range from about 15 to 40%. Fill levels as high as about 75% can be used,
but at reduced gas/pulp contacting efficiencies.
[0046] The reactor of the present invention is constructed in such a manner as to minimize the axial dispersion of the
fibers as they are conveyed forward. Conventional art teaches away from the use of a paddle conveyor comprising
smaller-than-CEMA standard size paddles mounted in a non-overlapping paddle configuration. Prior art would predict
large unswept areas or dead zones in the reactor, resulting in a broad pulp residence time distribution with nonuniform
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bleached pulp as a result. Conventional art would also teach that suspending the fiber would cause a portion of the fiber
to fall over the conveyor center shaft, in which case the fiber would not convey forward as efficiently, again causing a
broad axial dispersion of the fiber. The preferred paddle design of the present invention unexpectedly results in a narrow
axial dispersion of the fiber. The preferred paddle design suspends the fiber by imparting sufficient momentum to convey
it forward while causing radial motion to suspend the fiber in the gas phase. This same phenomenon also forces the
fibers in the dead zones to move forward as well with the end result being only a small degree of axial dispersion of the
fibers as they move forward. This small degree of dispersion is equivalent to a narrow fiber residence time distribution,
which results in uniform bleaching. These features allow the pulp particles to be substantially uniformly delignified and
bleached to the desired lignin content, viscosity, and brightness.
[0047] A preferred conveyor is one having paddles positioned at 240° spacings in a helical quarter-pitch pattern along
the length of the shaft, with each paddle positioned at an approximately 45° angle to the axis of the shaft. In a ca. 482
mm (19") conveyor reactor, with incoming high consistency pulp as described above, the conveyor length is such that
the residence time for the pulp is approximately 60 seconds for shaft speeds of about 75 RPM while the gas residence
time is about 50 seconds.
[0048] A variety of pitches can be used for the paddle, cut and folded flights and other types of conveyors. A quarter
pitch has been found to be preferred for the reactor of the present invention although it is possible to use other degrees
of pitch for particular applications.
[0049] The CEMA standard sets forth certain paddle blade sizes for given diameters. In this invention those sizes will
be referred to as "standard" size. To achieve high pulp/gas contact, large paddles having an area of twice the standard
size can be used. However, such large paddles also increase the conveying rate significantly. For increased mixing
effects, small paddles having an area of about half that of a standard paddle, can be used.
[0050] The paddle angle can also be varied as desired. While a 45° angle is preferred for maximum axial movement,
other angles can be used to increase the residence time of the pulp in the reactor.
[0051] The paddle spacing is important to avoid bridging of the pulp as it travels through the reactor, since bridging
detracts from obtaining uniform pulp bleaching. Bridging (i.e., the forward movement of pulp in large clumps or masses
which have arched between successive paddles) is caused by compaction and consolidation forces exerted on the pulp
which increase pulp density and the ability of the pulp to adhere to itself.
[0052] For any particular conveyor design, one skilled in the art can calculate the estimated consolidation forces or
stresses on the pulp from the operating characteristics of the conveyor utilizing the inertial force from the centrifugal
movement of the paddles and the static head from the weight of the pulp therein. The consolidation pressures for standard
paddle conveyors of different diameters when operated at a fill level of about 25% and at various RPMs are illustrated
in FIG. 1. For example, a ca. 608 mm (2’) diameter paddle reactor operated at 60 RPM would generate an estimated
consolidation pressure of about ca. 2,41 x 105 Pa (35 psi).
[0053] For the particular pulp to be bleached, one can measure pulp strength versus consolidation pressure and then
estimate how far apart the paddles must be to prevent bridging (i.e., the length beyond which the pulp cannot support
its weight and will break into smaller segments). For 42% consistency southern softwood pulp, FIG. 2 illustrates a
graphical representation of calculated critical (minimum) paddle spacing vs. consolidation pressure. For the particular
example, a consolidation force of ca. 2,41 x 105 Pa (35 psi) suggests a minimum paddle spacing of about ca. 152 mm (6").
[0054] Paddle spacing is determined by measuring, a straight line distance between the two closest points of adjacent
paddle edges. For a 240° quarter pitch paddle conveyor, the two closest points are the trailing edge of the first paddle
and the leading edge of the fourth paddle. For other configurations, such as 60° full pitch, the two closest points would
be the trailing edge of the first paddle and the leading edge of the second paddle. For any particular paddle configuration,
this distance must be greater than the critical arching dimension of the pulp to avoid bridging.
[0055] The ozone gas can be introduced at any position through the outer wall of the shell of the reactor. The paddles
can also assist in inducing the flow of ozone gas in a radial direction, thus improving mass transfer.
[0056] At low RPMs, the paddles move the pulp in a manner such that it appears to be "rolling" or "lifted and dropped"
through the reactor. At higher RPMs, the pulp is dispersed into the gas phase in the reactor, with the pulp particles
uniformly separated and distributed throughout the gas, causing uniform bleaching of the pulp. Thus, the presently
preferred paddle conveyor achieves the objectives of the present bleaching process, namely:

(1) High tonnages of pulp can be conveyed through the reactor without substantial compaction, bridging or plugging
of the pulp while the pulp is advanced in a nearly plug flow manner, at fill levels high enough to result in acceptable
pulp-gas contact,
(2) Substantially all of the pulp particles are uniformly bleached by the time they leave the reactor, and
(3) A high amount (greater than 75 and preferably greater than 90%) of the ozone is consumed by the time it exits
the reactor.

[0057] Another factor which is important in ozone bleaching reactor design is achievement of uniform bleaching of the
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pulp particles with the gaseous bleaching agent, via control of the residence time distribution of the pulp in the reactor.
The pulp residence time distribution in the reactor should be as narrow as possible, i.e., the pulp should ideally travel
through the reactor in a plug-flow like manner. If some pulp particles travel too rapidly through the reactor, they will be
underbleached, while those that move too slowly become overbleached.
[0058] As noted above, the paddle conveyor allows the pulp to be efficiently contacted and mixed with the gas. It was
unexpectedly found that increasing the RPMs of these relatively inefficient conveyors enabled the dispersed pulp to
travel through the reactor in a plug-flow like manner. This dispersed plug-flow movement enables the pulp to achieve
the desired narrow residence time distribution in the reactor.
[0059] To determine the pulp residence time for a particular conveyor, an indicator technique has been developed
using lithium salts. Since lithium generally is not present in the partially delignified pulp which is to be bleached with
ozone in the reactor of the invention, this technique includes adding a lithium salt, such as lithium sulfate or lithium
chloride, as a tracer into the pulp entering the reactor at a particular time, sampling the pulp exiting the reactor at
predetermined time intervals after the lithium salt has been added, measuring the amount of lithium in each sample,
and graphically depicting the lithium concentration vs. time.
[0060] FIG. 3 illustrates the residence time distribution for five different paddle conveyors in a ca. 495 mm (19.5")
internal diameter reactor shell where a small amount of lithium-treated pulp is added at the reactor pulp entrance and
the samples are taken from the reactor pulp exit at regular time-intervals thereafter. The reactor was operated at a 20%
fill level for each conveyor configuration and at a 20 ton per day pulp feed rate. The curves show that the conveyors
which are less efficient conveyors, requiring operation at higher RPM to maintain a desired fill level, provide a narrower
pulp residence time distribution which is closer to actual plug flow. This control over the pulp residence time distribution
contributes to the uniformity of bleaching of the pulp.
[0061] A shorthand notation is used to designate the various paddle configurations: the first number is the angular
spacing of the paddles; this number is followed by the letter, F, H, or Q which stand for full pitch, half pitch or quarter
pitch paddle arrangements, respectively. Next, two letters indicate the paddle size: SD-Standard size (i.e., CEMA standard
for full pitch conveyors); LG-large (2X standard) size; SM-small (1/2 standard) size. The last number is the shaft RPM,
and each paddle angle with respect to the shaft is 45° unless otherwise designated. Thus, 240 Q-SM-90 RPM, for
example, designates 240° quarter pitch small size paddles on a shaft rotated at 90 RPM. 240 Q-SM-90 RPM 25° is the
same design except that the paddle angle is 25° rather than 45°.
[0062] In an ideal plug flow reactor, all of the material flowing through the reactor has the same residence time, i.e.,
it spends the same amount of time in the reactor before emerging at the other end. In reality, this result cannot be
obtained exactly. Instead, some material will spend more time in the reactor than other material, being overbleached
relative to the average amount, while other pulp with a short residence time will be underbleached relative to the average.
[0063] The pulp residence time distribution ("RTD") can be measured using the lithium indicator technique described
above in which a small amount of the pulp is treated with a lithium salt tracer. The pulp is then added all at once to the
reactor entrance at time zero (t=0). The concentration of lithium in the pulp is then monitored at the reactor exit by taking
discrete pulp samples and measuring the lithium concentration. If the lithium concentration is monitored continuously,
a continuous RTD could be obtained.
[0064] The following definitions are taken from Levenspiel, O., The Chemical Reactor Omnibook, OSU Book Stores,
Inc., January 1989 (ISBN: 0-88246-164-8). The average pulp residence time is: 

if the tracer concentration, CT, is obtained in continuous fashion, whereas if CT is in discrete form, tavg can be approximated
by: 
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where n samples were obtained for the residence time distribution. The variance, σ2, of the residence time distribution
is a measure of how wide it is. This is given as: 

and can be approximated for discrete distributions as: 

[0065] For a perfect plug flow vessel, the variance would be zero. The larger the variance, the wider the pulp residence
time distribution, and hence the more axial mixing there is. Further, a wider residence time distribution will read to less
uniform bleaching, with some fibers overbleached and some underbleached. This can compromise bleached pulp quality
and may consume excess bleach chemical. Thus, the variance can be used as a measure of bleaching uniformity, with
a small number being preferred.
[0066] In order to compare bleaching uniformity between experiments having different average residence times, it is
necessary to normalize the variance. The dispersion index (’DI") is defined as follows: 

for continuously measured residence time distributions, which can be approximated as:

for discrete distributions. The dispersion index is proportional to the variance. This normalized variance, which measures
deviation from plug flow and hence is a measure of axial dispersion, will be used as an indicator of bleaching uniformity.
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A value of zero would indicate perfect plug flow Large values indicate poor bleaching uniformity.
[0067] To illustrate the concept, consider FIG. 4 in which the experimentally determined pulp residence time distribution
is plotted for two different paddle designs: 60 degrees full pitch with overlapping paddles, and 240 degree quarter pitch
with non-overlapping paddles. In each case the pulp production rate was about 20 tpd. The paddle shaft rotation speeds
were 25 and 90 rpm, respectively. Note especially that, although the average residence times were about the same (49
and 45 seconds, respectively), the width of the distributions are very different.
[0068] In the first case (60 degree design), about 10% of the pulp has a residence time less than 32 seconds while
another 10% has a residence time greater than 71 seconds. For the second case (240 degree design), the corresponding
range is 36 seconds and 55 seconds. The wider range is indicated by the higher dispersion index, 8.2 vs. 2.6. The pulp
with the shortest residence time will be underbleached and that with the highest will be overbleached, relative to the
average amount of bleaching. This effect would be larger for the case with the higher dispersion index.
[0069] Comparison can also be made with closed flight screw conveyors. Closed flight screws, while providing close
to plug flow with low DI values, do not disperse the pulp into the gas. It is not enough to obtain plug flow unless the pulp
is also dispersed, since plug flow of nondispersed pulp also results in non-uniform bleaching. As noted above, the pulp
in the paddle conveyor is lifted and tossed in the reactor to maximize the rate and efficiency of the bleaching process,
due to the increased amount of surface area of the pulp fibers exposed to ozone.
[0070] It has also been found that utilizing a cut and folded screw flight design obtains results somewhat similar to
those obtainable through the use of a paddle conveyor. A typical cut-and-folded screw flight design is shown at 52 in
FIG. 17. The open portions 54 of the flight 56 permit the gas to be directed therethrough while the folded portions 58
cause both radial distribution of the gas and the appropriate lifting, tossing, displacement and dispersion of the pulp in
the gas as the pulp is advanced to obtain the desired uniform bleaching. Thus by correctly tailoring the reactor length,
screw pitch, screw rotation speed and design, a relatively short gas and pulp residence time with uniform exposure of
the pulp to the gas is achieved, the result of which is a highly uniform bleached pulp.
[0071] The overall efficiency of this apparatus for bleaching is basically controlled by development of an internal paddle
configuration that runs counter to conventional conveying art. As noted above, the conventional paddle design for
conveying has been specifically developed to enhance conveying efficiency, whereas in the present invention, the design
is intended to substantially reduce conveying efficiency. Such a reduction of conveying efficiency, however, allows
improved control of pulp residence time, the quantity of pulp available for contact, and the energy utilization necessary
to achieve appropriate gas and pulp mixing. The lower conveying efficiency allows for relatively high rotational speeds
of the paddles, thus increasing the dispersion and suspension of the pulp in the gas phase while retaining a relatively
long pulp residence in the reactor for contact with the ozone.
[0072] To illustrate the effects on fill level and pulp residence time by varying the paddle design, FIGS. 5 and 6 are
presented. For these conveyors, the pulp feed was 20 oven dry ions per day (ODTPD), the paddle angle to the shaft
was 45° unless otherwise designated, and a 6% ozone/oxygen mixture at 35 SCFM was again utilized. The gas residence
time was about 60 seconds. The pulp had a consistency of about 42% so that the ozone application is 1% on O.D. pulp.
The data suggests that fill levels between about 20 and 40% at a shaft speed of 40 to 90 RPM and a pulp residence
time of about 40 to 90 seconds is preferred when an ozone application of about 1% on oven dry pulp is utilized. In
addition, these graphs show how a change in shaft RPM can affect fill level, pulp residence time and ozone conversion.
In the invention, a gas residence time of at least about 50% or more of the residence of the pulp is useful, with at least
about 67% being preferred.
[0073] In FIGS. 5 and 6, percent ozone conversion is indicated by a numerical value associated with certain data
points on the graphs. These numerical values are also listed in Table IX of Example 10 along with the respective paddle
design and reactor operating conditions. These data suggest that higher fill levels can be achieved by reducing the pitch
of the conveyor, utilizing smaller paddles, or using a flatter paddle angle. In particular, dramatic reductions in conveying
efficiencies are obtained by merely changing the paddle angle from 45° to 25°. To compensate, much higher shaft RPMs
are needed to retain fill levels.
[0074] The lower pitch and smaller paddle conveyors are operated at higher shaft RPMs while maintaining the desired
fill levels of 20 to 40% without causing bridging or plugging of the pulp. Also, ozone gas conversions in the range of 90
to 99% are achieved, thus efficiently consuming the ozone and reducing the costs for generating same.
[0075] From this data, one skilled in the art can select both the optimum paddle design to achieve the desired residence
times and fill levels, as well as how to adjust the RPM to control the fill rate for any pulp feed rate. For example, decreasing
shaft RPM at constant feed increases residence time and fill levels. This design thus allows the operators to adjust the
conveyor performance in response to changes in pulp feed properties, production rate, or other operating conditions.
[0076] Although the reactor of the invention can be utilized to bleach a wide variety of different pulps, a desirable
range of initial pulp properties entering the reactor for softwood or hardwood pulp would be a K No. of 10 or less, a
viscosity of greater than about 13 cps and a consistency of above 25% but less than 60%. Prior to entering the reactor,
the pulp particles may be conditioned by acidification and/or the addition of metal chelating agents to increase the
efficiency of ozone consumption by the pulp. After bleaching the pulp as described herein, the pulp exiting the ozone
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reactor has a GE brightness of at least about 45 percent and generally about 45 to 70 percent, with softwoods usually
being above 45 and hardwoods usually being above 55 percent. The pulp (for hardwoods or softwoods) also has a
viscosity of greater than about 10 and a K No. of 5 or less, and generally between about 3 and 4.
[0077] An apparatus in accordance with the present invention is schematically illustrated in FIG. 7. Prior to entering
the apparatus, the pulp is directed into a mixing chest where it is conditioned by treatment with acid and a chelating
agent. The acidified, chelated low-consistency pulp is introduced into a thickening unit for removing excess liquid from
the pulp, such as a twin roll press wherein the consistency of the pulp is raised to the desired level. At least a portion of
this excess liquid may be recycled to the mixing chest.
[0078] The resulting high consistency pulp is then passed through a screw feeder which acts as a gas seal for the
ozone gas at one end of the reactor and thereafter through a comminuting unit, such as a fluffer, where the pulp is
comminuted to pulp fiber flocs of a sufficient size which preferably measure about 10mm or less in size. The comminuted
particles are then introduced into a dynamic ozone reaction chamber which includes a conveyor and which is specifically
designed for mixing and transporting the pulp particles so as to allow the entire surface of the particles to become
exposed to the ozone gas mixture during movement of the pulp. After the ozone bleaching treatment, the pulp fiber flocs
are allowed to fall from the reactor into a dilution tank.
[0079] As shown in FIG. 7, high consistency pulp 10 is directed into a comminuting device, such as a fluffer 12, which
is mounted at one end of ozone reactor 14. Fluffer 12 comminutes the incoming high consistency pulp to pulp fiber
particles 16 which then fall into the reactor chamber. The ozone gas 18 is introduced into the reactor 14 in a manner
such that it flows countercurrent to the pulp. The pulp fiber particles 16 are bleached by the ozone in reactor 14 typically
to remove a substantial portion, but not all, of the lignin therefrom. The pulp fiber particles 16 are intimately contacted
and mixed with the ozone by use of paddle conveyor 20, which in a preferred embodiment includes a plurality of paddles
22 mounted on a shaft 24 which is rotated by motor 26.
[0080] Conveyor 20 advances the pulp fiber particles 16 while tossing and displacing them in a radial direction. Also,
the ozone gas is induced by the paddles 22 to flow and surround the pulp fiber particles so that all surfaces of the particles
are exposed to the ozone for substantially complete penetration thereby. The paddle conveyor advances the pulp fiber
particles in a plug flow-like manner at a controlled pulp residence time. The ozone gas residence time is also controlled.
These features allow the pulp fiber particles to be substantially uniformly delignified and bleached by the ozone.
[0081] In the countercurrent process configuration, special attention is also given to the design of the pulp fiber inlet/gas
outlet section to efficiently separate the gas and fiber streams. In particular, gas velocities in the gas-pulp separation
zone are maintained below the critical velocity which would entrain the pulp in the exiting gas stream.
[0082] FIG. 8 is an enlarged external view of the reactor 14 of FIG. 7. FIGS. 9A and 9B show the conveyor sections
of the paddle conveyor 20 which is disposed within the reactor. Pulp from the fluffer enters reactor 14 through pulp inlet
34, and falls onto paddle conveyor section 20A in upper shell 38. Conveyor section 20A has a right hand paddle design
as described below. Pulp inlet 34 includes gaseous bleaching agent outlet 82 which allows the ozone/oxygen mixture
to exit after contact with the pulp. The pulp moves in the direction of arrow A until it reaches the end of upper shell 38,
at which time it drops through a conduit, in the form of a chute 40, and onto conveyor section 20B in lower shell 44.
Conveyor section 20B has a left hand paddle design so that pulp travels in the direction of arrow B. At the end of lower
shell 44, the pulp drops through outlet 46 and into the pulp dilution tank as shown in FIG. 7. In the upper portion of tank
30, high consistency pulp containing residual amounts of ozone is received. The residual ozone can continue to react
with the pulp until it reaches a lower portion of the tank where dilution water 32, which serves as an ozone gas seal at
the other end of the reactor, is added to reduce the consistency of the pulp to a low level to facilitate movement of the
bleached pulp 34 through the subsequent process steps. The paddle conveyor sections 20A and 20B are driven by
motor 48, which rotates the shaft of conveyor section 20B, which then transmits rotational force to the shaft of conveyor
section 20A through drive coupling 50. Alternatively, separate drive motors can be used for each shaft.
[0083] The shaft for conveyor section 20A of upper shell 38 (shown in FIG. 9A) has three distinct zones: a first pulp
feed zone (A) which is positioned beneath the pulp inlet 34, a second zone (B) which serves as a gaseous bleaching
agent reaction zone, and a third pulp particle exit zone (C) which comprises a bare shaft with no paddles, positioned
over chute 40. In some applications, zone A can have the same paddle configurations as zone B.
[0084] When the pulp enters upper shell 38, it is at its lowest bulk density after passing through the fluffer 12. Initial
compaction occurs when this low density pulp encounters the feed zone paddles 22A. The first zone of the shaft thus
has a higher conveying rate paddle configuration than the second zone in order to provide the desired pulp fill level. The
pulp movement is about twice as fast as that which occurs in the gaseous bleaching agent reaction zone (B). For this
purpose, zone (A) utilizes 120° half pitch standard size paddles 22A oriented at 45° to the shaft, while zone (B) utilizes
240° quarter pitch small (i.e., half) size paddles 22B, also oriented at 45° to the shaft. The paddles in sections A and B
are fastened to the shaft of conveyor 20A in a "right-hand" configuration to convey the pulp toward pulp particle exit
zone C by clockwise rotation of the shaft (as observed looking from the left side of FIG. 8).
[0085] After falling into lower shell 44, by way of the chute 40, the pulp is transported on the conveyor section 20B in
a direction opposite to that resulting from the rotation of conveyor section 20A. This movement is produced since the
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paddles 22C on conveyor section 20B are configured in a "left-hand" arrangement, in contrast to the "right-hand" con-
figuration of the paddles 22A and 22B on the conveyor section 20A. The paddles 22C of conveyor section 20B are also
rotated in a clockwise direction (looking from the left side) in a manner similar to the paddles in upper shell 38. On
conveyor section 20B, the pulp initially enters gaseous bleaching agent reaction zone D wherein it contacts the paddles
22C. Paddles 22C are 240° quarter pitch small (i.e., half) size paddles, oriented at an angle of 45° to the shaft. This
arrangement, as noted above, facilitates the reaction between the pulp and the ozone-containing bleaching agent. Zone
E of conveyor section 20B, which lies directly above outlet 46, has no paddles for a specified length to permit the pulp
to fall out of the reactor, through outlet 46 and into the dilution tank located directly below.
[0086] As noted above, a motor 48 and coupling 50 synchronously drives each shaft simultaneously.
[0087] FIG. 10 illustrates the paddle configuration found in the gaseous bleaching agent reaction zones (i.e., zones
B and D) of, respectively, upper shell 38 and lower shell 44. As described above, paddles 22B and 22C have 240°
quarter pitch, and are oriented at an angle of 45° to the shaft.
[0088] FIGS. 11 and 12 show the connection of all paddles 22 to shaft 24. Paddle blade 22 is welded or otherwise
suitably attached to nut 23. This combination is secured to shaft 24 by a threaded rod 25 passing through nuts 23a in
conjunction with nut 23 to securely retain paddle blade 22 upon shaft 24 in the desired orientation. For the paddles
shown in FIGS. 11-12, paddle blades 22 are positioned at the most preferred angle of 45° to the longitudinal axis of the
shaft 24. Blades 22 may be positioned at any desired angle by loosening nuts 23a, rotating paddle 22, and re-tightening
nuts 23a; thus allowing the conveyor paddles to be modified for particular applications. Instead of this bolting arrangement,
the paddles can be directly welded to the shaft for more permanent conveying designs.
[0089] The blades include a surface having a width and length sufficient to pick-up, lift and disperse the pulp along
the entire radius of the reactor. The surface is also configured and positioned to advance the pulp particles axially.
[0090] Although a paddle conveyor is preferred, other conveyor configurations can be used. A useful reactor can be
made using a screw flight conveyor having so-called "cut and folded’ flights, as shown in FIG. 17 discussed above. A
series of wedge shaped flights 60 (shown in cross-section in FIG. 20) or elbow shaped lifter elements 62 (shown both
in side view and cross-section in FIG. 19) are also useful for suspending the pulp in the gaseous bleaching agent. Ribbon
mixers 64 may also be used (FIG. 18). An inclined reactor utilizing a totally flat ribbon flight, i.e., one having infinite pitch,
with angles instead of flat blades, conveys the fiber particles with a similar lifting and dropping action to effect the desired
gas-pulp contact and reaction. The inclined ribbon design results in plug-like flow advancement of the dispersed pulp
with little backmixing, but this design cannot be adjusted as easily as the paddle conveyor. A combination of paddles
and cut and folded flights can be used, if desired, in accordance with the foregoing. Typical, unmodified full screw flight
conveyors are not acceptable, because they generally "push" the pulp therethrough, rather than toss and displace it as
does the paddle conveyor. Thus, conventional screw flights do not provide sufficient mixing and contact of the pulp and
ozone to achieve uniform bleaching of the pulp unless they are operated at extremely low fill levels (<10%) and at
relatively high pulp residence times.
[0091] As discussed throughout this specification, the preferred gaseous bleaching agent is ozone. However, the
principles of operation of this reactor can be utilized for the bleaching of pulp with other gaseous bleaching agents such
as chlorine, chlorine dioxide, etc. While chlorine-containing bleaching agents are not preferred due to the generation of
effluents containing relatively large amounts of chlorides and the potential environmental effects of chlorinated organics
in such effluents, they can be successfully utilized as bleaching agents in the reactor of the invention. To avoid environ-
mental concerns about pollution, ozone is the most preferred gaseous bleaching agent.
[0092] The ozone reactor is depicted as a horizontal, elongated shell in FIG. 7. If desired, however, the shell may be
slightly angled with respect to horizontal to allow the force of gravity to assist in the advancement of the pulp particles.
 A typical "advancement angle" of up to 25 degrees may be used.
[0093] The reactor of FIG. 7 shows the pulp being treated with ozone countercurrently with the ozone-gas mixture.
The pulp entering the reactor has the highest lignin content and initially contacts the exiting, nearly exhausted ozone
mixture, thereby providing the optimum chance to consume virtually all of the ozone. This is an efficient method for
stripping ozone from the ozone/oxygen or ozone/air mixture. Alternately, however, the portion of the pulp which has
been bleached to the least extent may initially be contacted with the newly introduced ozone mixture containing the
maximum amount of ozone by passing the ozone-containing gas in a direction concurrent to the flow of pulp.
[0094] When the ozone 18 is contacted with the pulp in a countercurrent manner, the residual ozone gas 28 can be
recovered as shown in FIG. 7. The residual ozone gas 28 from outlet 82 (FIG. 8) is directed to a carrier gas pretreatment
stage 36 where a carrier gas 37 of oxygen (or air) is added. This mixture 40 is directed to ozone generator 42 where
the appropriate amount of ozone is generated to obtain the desired concentration. The proper ozone/gas mixture 18,
which as noted above preferably includes about 6 weight percent ozone, is then directed to ozone reactor 14 for delig-
nification and bleaching of the pulp.
[0095] The bleached pulp after ozonation will have a reduced amount of lignin, and therefore, a lower K No. and an
acceptable viscosity. The exact values for the K No. and the viscosity which are obtained are dependent upon the
particular processing to which the pulp has been subjected. The resulting pulp will also be noticeably brighter than the
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starting pulp. For example, southern softwood will have a GE brightness of about 45 to 70%.

Examples

[0096] The scope of the invention is further described in connection with the following examples which are set forth
for purposes of illustration only and which are not to be construed as limiting the scope of the invention in any manner.
Unless otherwise indicated, all chemical percentages are calculated on the basis of the weight of oven dried (OD) fiber.
Also, one skilled in the art would understand that the target brightness values do not need to be precisely achieved, as
GEB values of plus or minus 2% from the target are acceptable. The feed pulp in these examples is fluffed oxygen
bleached pulp having a K No. of about 10 or less, a viscosity of greater than about 13 cps, a consistency of about 42%
and an entering brightness generally in the range of about 38-42% GEB. This pulp is acidified to a pH of about 2 before
being introduced into the reactor of the invention.
[0097] In Examples 1-10 and 13 that follow, the reactor was a ca. 495 mm (19.5°) internal diameter, ca. 6,08 m (20’)
long shell having conveying intervals therein as defined. Full pitch for this reactor is ca. 483 mm (19°), and feed rate
unless otherwise specified was generally about 20 tons per day of the 42% consistency partially bleached softwood pulp
described above. Countercurrent ozone gas flow was utilized unless otherwise mentioned. The data in Examples 11
and 12 was obtained in a ca. 432 mm (17") conveyor.

Example 1

[0098] A cut and fold screw conveyor reactor and one embodiment of a paddle type conveyor reactor of the present
invention utilizing similar feed rates of pulp, rotational speed and gas residence time were compared. As is evidenced
by the results illustrated in Table I, use of the paddle configuration resulted in an ozone conversion about 18 percent
higher than that obtained with the conventional cut and fold screw conveyor reactor. The paddle reactor also exhibited
an improved (i.e., lower) dispersion index, indicating a pulp movement closer to plug flow.

Example 2

[0099] In a comparison between a conventional screw type conveyor reactor, and a paddle conveyor reactor, the
paddle type conveyor configuration was specifically designed to achieve a lower conveying rate than the screw. This
allowed the paddle conveyor to be run at significantly higher rotational speed, while maintaining a fill level equivalent to
the screw. Table II illustrates that the significantly greater rotational speed of the paddle conveyor resulted in a 24 percent
increase in ozone conversion in the paddle conveyor. Table II also illustrates how paddle configuration can be specifically
designed to achieve excellent gas-fiber contacting in contrast to a conventional conveying configuration.

TABLE I

Residence Time

Type of 
Conveyor

Feed 
Rate 

(ODTPD)

Conveyor 
Rotational 

Speed 
(RPM)

Ozone 
Appl. 

on 
Pulp 
(%)

Gas 
(S)

Pulp 
(S)

Fill 
Level 
(%)

Ozone 
Conversion 

(%)

Change in 
GE 

Brightness 
(%)

DI

Screw 11 20 1.0 25 115 27 72 10 6.9
Paddle 11 30 0.9 33 169 40 90 12 1.9

TABLE II

Residence Time

Type of 
Conveyor

Feed 
Rate 

(ODTPD)

Conveyor 
Rotational 

Speed

Gas 
Flow 
Rate

Ozone 
Appl. 

on 
Pulp 
(%)

Gas 
(S)

Pulp 
(S)

Fill 
Level 
(%)

Ozone 
Conversion 

(%)

Change in 
GE 

Brightness 
(%)

Screw 12 21 34 1.0 46 71 18 73 13
Paddle 18 90 35 0.9 46 45 18 97 15
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Example 3

[0100] The design of the paddles on the paddle conveyor was altered in order to allow higher RPM operation while
maintaining a constant fill level of 20 percent at a feed rate of about 18 to 20 oven dried tons per day, thereby keeping
pulp residence time constant. The design alteration yielded a significant increase in ozone conversion as evidenced by
Table III. As shown by this example, alteration of the full pitch conventional paddle arrangement as taught by this invention
dramatically improves gas-fiber contacting by allowing reasonable fill level operation at higher RPM.



EP 0 512 098 B2

15

5

10

15

20

25

30

35

40

45

50

55



EP 0 512 098 B2

16

5

10

15

20

25

30

35

40

45

50

55

Example 4

[0101] Pulp residence time distribution is considered a key indicator of bleaching uniformity In one embodiment of the
invention, paddle design was adjusted to result in a reactor with an improved, i.e., narrower pulp residence time distri-
bution. The results illustrated in Table IV demonstrate that utilization of changed paddle design allows better mixing at
higher RPM at a constant fill level with significant improvement in the Dispersion Index (DI). A DI of 0 is a perfectly
non-dispersed plug flow while higher index values indicate the pulp is flowing in a less plug-flow like manner.

Example 5

[0102] A preferred paddle configuration is a 240 degree, one quarter pitch design using paddles having dimensions
one half of the CEMA standard mounted at a 45 degree conveying angle. Use of this configuration provides a high ozone
conversion efficiency as illustrated in the paddle conveyor of Example 2. Surprisingly use of this configuration provides
the additional benefit of maintaining a constant residence time distribution over a broad range of operating conditions
and fiber residence times, thus ensuring uniformity of bleaching. This is illustrated by the lithium indicator data shown
in FIG. 13.

Example 6

[0103] A comparison of counter-current and cocurrent gas flow resulted in favorable results for both directions of gas
flow An increase in efficiency, as illustrated in Table V, resulted from the use of counter-current gas flow.

Example 7

[0104] The gas residence time within the reactor was adjusted to bring it to a level similar to that of the pulp residence
time. The results, illustrated in Table VI below, demonstrate the nearly complete ozone conversion accomplished while
attaining an excellent level of brightness increase.

TABLE IV

Paddle Type

Paddle 
Spacing 

(deg)

Pitch Paddle 
Size

Paddle 
Angle 
(deg)

Feed 
Rate 

(ODTPD)

Paddle 
Rotational 

Speed 
(RPM)

Fill Level 
(%)

Res. Time 
Pulp 

(Sec.)

Dispersion 
Index (DI)

60 Full Stnd 45 20 25 21 49 8.2
120 Half Stnd 45 20 50 19 44 4.8

240 Quarter Small 45 18 90 18 45 2.6

TABLE V

Gas Flow Feed Rata 
(ODTPD)

Paddle 
Rotational 

Speed 
(RPM)

Gas Flow 
Rate (SCFM)

Ozone Appl. 
On Pulp (%)

Ozone 
Conversion 

(%)

Change in 
GEB 

Brightness 
(%)

Countercurrent 20 50 35 0.9 92 15
Cocurrent 20 50 35 0.9 87 14

TABLE VI

Residence Time

Feed Rate 
(ODTPD)

Paddle 
Rotational 

Speed 
(RPM)

Gas Flow 
Rate

Ozone Appl. 
On Pulp (%)

Gas Pulp Ozone 
Conversion 

(%)

Change in 
GEB 

Brightness 
(%)

20 40 35 0.9 42 57 95 15
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Example 8

[0105] By altering the rotational speed of any particular configuration of paddles, the pulp residence time can be
controlled so as to attain the desired target for ozone conversion, as illustrated below in Table VII. The data presented
therein is for a 240° Q-STD 45° conveyor.

Example 9

[0106] The following tests were conducted to show the effects of a change in paddle design for a constant feed and
same shaft RPM.

Table continued

Residence Time

Feed Rate 
(ODTPD)

Paddle 
Rotational 

Speed 
(RPM)

Gas Flow 
Rate

Ozone Appl. 
On Pulp (%)

Gas Pulp Ozone 
Conversion 

(%)

Change in 
GEB 

Brightness 
(%)

19 40 50 1.1 29 57 80 14

20 40 95 1.3 15 57 74 16

TABLE VII

Feed Rate 
(ODTPD)

Paddle 
Rotational 

Speed 
(RPM)

Gas Flow 
Rate (SCPM)

Fill Level (%) Residence 
Time Pulp 

(sec.)

Ozone 
Conversion 

(%)

Change in 
GEB 

Brightness 
(%)

20 90 36 14 32 86 11

19 60 34 18 43 93 11
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The data shows that a change to smaller paddles substantially reduces conveying efficiency while increasing fill level
and pulp residence time in the reactor. These changes have resulted in improved bleaching performance as measured
by ozone conversion and change in brightness.
[0107] Additional variations are shown in Example 10. From this information, one skilled in the art can best determine
how to design and run a particular paddle conveyor reactor for the desired degree of bleaching on a particular pulp.

Example 10

[0108] The following Table Ik summarizes the specific paddle design and operating conditions which were used to
generate FIGS. 5 and 6. A pulp feed of 20 TPD and a reactor shell size of ca. 495 mm (19,5") I.D. were utilized, at a
target fill level of about 20% for the first five rows of Table IX. Again, a 6 weight percent ozone bleaching agent was
used at a flow rate of 35 SCFM to apply about 1 % ozone on OD pulp.

[0109] The data in Table IX along with its graphical representation in FIGS. 5 and 6 illustrate the bleaching results
possible over various operating ranges so as to determine optimal gas-pulp contact and ozone conversion levels. The
data also teach how to change shaft RPM to control fill level and pulp residence time.

Example 11

[0110] To verify that the theoretical calculations presented in FIGS. 1 and 2 were representative of the actual operation
of the paddle conveyor, a series of tests were made to determine pulp bridging in various paddle conveyors operated
under different parameters. To conduct these tests, a ca. 432 mm (17°) conveyor was fitted with a paddle shaft having
five different paddle spacings ca. 89 mm, ca 119 mm, ca 150 mm, ca. 183 mm and ca. 229 mm (3.5", 4.7", 5.9", 7.2"
and 9") and was then operated as shown below in Table X. The actual pulp consolidation forces (PCF) in pounds per
square foot were calculated and the minimum paddle spacing was estimated from the theoretical data and compared
to the actual results.

TABLE IX

Paddle Design OPERATING CONDITIONS RESULTS

Spacing Pitch Size Angle RPM Fill Level Actual 
(%)

Pulp Res. Time 
(S)

Ozone 
Conversion (%)

60 Full Std. 45 25 21 49 71
120 Full Large 45 40 17 40 85

120 Half Std. 45 60 16 38 89
240 Quarter Std. 45 60 18 43 93

240 Quarter Small 45 90 18 45 97
240 Quarter Small 45 75 25 58 *
240 Quarter Small 45 60 34 85 99

240 Quarter Small 25 90 54 121 *
240 Quarter Small 25 150 39 81 98

*-Not Measured

TABLE X

Bridging observed for spacing of

Fill (%) RPM PCF (PSF) Estimated Minimum Paddle Spacing (°) To 
Avoid Bridging

3.5 4.7 5.9 7.2 9

25 50 12 5 Yes Yes Yes No No

25 90 25 7 Yes Yes Yes Some No
40 30 IS 5.5 Yes Yes Yes No No
40 50 17 6 Yes Yes Yes Some No

40 70 25 7 Yes Yes Yes No No
40 90 35 8 Yes Yes Yes Some No
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These data suggest that the theoretical calculations agree with the actual observations within � 2.5 cm (1 inch), and
that the theoretical calculations are useful for estimating minimum paddle spacing.

Example 12

[0111] To determine the relative degree of dispersion of pulp into the open spaces of the reactor at different operating
conditions, the toflowing tests were conducted. A ca. 432 mm (17") 240° quarter pitch standard size 45° paddle conveyor
was operated at different RPM with counterclockwise rotation. The reactor had the same fill level for each test -- about
25%. A camera was mounted at one end of the shaft and took stop-action photographs while the shaft was operating
at different RPM when one of the blades was at a 12 o’clock position. Image analysis was done in a controlled area in
the upper left portion of the reactor, and calculations were made to determine how much pulp occupied this area, since
this is representative of the relative pulp dispersing properties of the conveyor when operated at the particular shaft
speed. Results are shown below in Table XI and in Figs. 14-16.

This illustrates the greater pulp dispersing capabilities of the paddle conveyor when operated at higher RPM. As explained
above, the fill level of the reactor is reduced when higher shaft RPM are used, but this data illustrates the benefits in
pulp dispersion which can be achieved at higher RPM for the same fill level.

Example 13

[0112] The paddle conveyor can achieve excellent results over a wide range of pulp feed rates. For example, ozone
conversions of at least 90% and similar levels of brightness increase achieved at both 18 ODTPD and 11 ODTPD feed
rates, where at 11 ODTPD the paddle rotational speed was decreased to maintain an approximately constant fill level
in the reactor, as shown below in Table XII.

While it is apparent that the invention herein disclosed is well calculated to fulfill the objects above stated, it will be
appreciated that numerous modifications and embodiments may be devised by those skilled in the art. For example,
other conveying elements such as cut and folded screw flights, ribbon mixers, elbow shaped lifting elements and wedge
shaped flight elements are shown in FIGS. 17-20.

Claims

1. A method for bleaching pulp which comprises introducing pulp having a high consistency of greater than 20% into
a reaction zone;
introducing an ozone containing gaseous bleaching agent into the reaction zone; and
advancing the pulp through the reaction zone in a plug-flow manner for a time sufficient to obtain bleaching of the pulp;
characterized in that the pulp is in the form of particles having a size sufficient to facilitate substantially complete
penetration by the ozone containing gaseous bleaching agent when exposed thereto; by using in a shell a paddle
conveyor comprising smaller-than-CEMA standard size paddles mounted in a non-overlapping paddle configuration
the pulp particles are lifted, displaced and tossed in a radial direction as they pass through the reaction zone to
disperse the pulp particles into the ozone containing bleaching agent and to expose substantially all surfaces of a
majority of the pulp particles to the ozone containing gaseous bleaching agent; while the dispersed pulp particles

TABLE XI

Rotational Speed (RPM) % of Rectangle Showing Pulp

20 22%

40 47%
60 58%

TABLE XII

Feed Rate (OPTPD) Paddle Rotational 
Speed (RPM)

Fill Level (%) Ozone Conversion (%) Change In GEB 
Brightness (%)

19 60 36 93 13

11 30 40 90 12
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are advanced through the reaction zone at a dispersion index DI of less than 8 for a predetermined pulp residence
time sufficient to maintain a fill level of at least 10 percent of said dispersed particles in said shell to form a substantially
uniformly bleached pulp having an increased GE brightness, wherein said dispersion index DI is 100 times the ratio
of a variance σ2 of the residence time distribution to the square of an average residence time tavg, DI = 100·σ2/tavg

2.

2. The method of claim 1 which further comprises reducing axial movement and maximizing radial movement of the
pulp particles to maximize mixing and contacting of the pulp particles and ozone containing gaseous bleaching
agent while the pulp particles are lifted, displaced and tossed.

3. The method of claim 1 wherein the ozone containing gaseous bleaching agent is introduced countercurrently to the
movement of the pulp particles.

4. The method of claim 1. which further comprises comminuting the high consistency pulp to decrease the bulk density
of the particles prior to introduction of the particles into the reaction zone.

5. The method of claim 4 which further comprises advancing the pulp particles at a first rate through the reaction zone
immediately after introduction of the particles and subsequently advancing the pulp particles at a second rate in the
reaction zone to maintain a predetermined pulp fill level therein.

6. The method of claim 5 wherein the first rate of advancing the pulp particles is greater than the second rate and the
gaseous bleaching agent contains between about 1 and 8 weight percent ozone.

7. Use of a reactor apparatus (14), comprising:

a shell (14) having a pulp inlet (34) and a pulp outlet (46) :
means (12) for introducing high consistency pulp (16) into the shell (14);
means (18) for introducing a flow of an ozone containing gaseous bleaching agent into the shell (14); and
means (22) for advancing the pulp (16) through the shell (14) in a plug-flow manner; said advancing means
(22) of the apparatus including dispersing means for lifting, displacing and tossing the pulp (16) in a radial
direction as it passes through the shell (14) to disperse the pulp into the ozone containing gaseous bleaching
agent to expose substantially all surfaces of a majority of the pulp to the ozone containing gaseous bleaching
agent and to advance the dispersed pulp through the shell in a plug-flow manner and at a dispersion index DI
of less than 8 for a predetermined pulp residence time sufficient to maintain a fill level of 10 to 50 percent of
said dispersed particles in said shell to form a substantially uniformly bleached pulp having an increased GE
brightness, wherein said dispersion index DI is 100 times the ratio of a variance σ2 of the residence time
distribution to the square of an average residence time tavg, DI = 100·σ2 / tavg

2;
for ozone bleaching of high consistency pulp having a consistency of greater than 20%, having a particle size
sufficient to facilitate substantially complete penetration by the ozone containing gaseous bleaching agent when
exposed thereto, to form a substantially uniformly bleached pulp having an increased GE brightness;

wherein the means for advancing and dispersing the pulp comprises a paddle conveyor comprising smaller-than-CE-
MA standard size paddles mounted in a non-overlapping paddle configuration.

8. A high consistency pulp/ozone bleaching reactor apparatus (14) for ozone bleaching of high consistency pulp particles
having a consistency of more than 20%, a first GE brightness, and a particle size sufficient to facilitate substantially
complete penetration of a majority of the pulp particles by ozone when exposed thereto, to a second, higher GE
brightness, said apparatus comprising:

a shell (14) having a pulp inlet (34) and a pulp outlet (46);
means (12) for introducing high consistency pulp (16) into the shell (14);
means (18) for introducing a flow of an ozone containing gaseous bleaching agent into the shell (14);
a shaft (20) extending through the shell (14) along a longitudinal axis thereof and having a first end adjacent to
the pulp inlet (34) and a second end adjacent to the pulp outlet (46);
advancing and dispersing means (22) associated with the shaft for advancing the pulp (16) through the shell
(14) in a plug-flow manner;
means (28) for recovering residual gaseous bleaching agent and means (30) for recovering the bleached pulp;
and
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characterized in that the advancing and dispersing means (22) is a paddle conveyer which includes a plurality of
smaller-than-CEMA standard size paddles (22A, 22B, 22C) mounted in a non-overlapping configuration, and posi-
tioned and oriented in a predetermined pattern defining a pitch of the advancing and dispersing means for lifting,
displacing and tossing the pulp particles (16) in a radial direction as they pass through the shell (14) to disperse the
pulp particles (16) into the ozone containing gaseous bleaching agent to expose substantially all surfaces of a
majority of the pulp to the ozone containing gaseous bleaching agent while advancing the dispersed pulp through
the shell in a plug-flow manner at a dispersion index DI of less than 8 for a predetermined pulp residence time
sufficient to maintain a fill level of 10 to 50 percent of said dispersed particles in said shell to form a substantially
uniformly bleached pulp having the second GE brightness, wherein said dispersion index DI is 100 times the ratio
of a variance σ2 of the residence time distribution to the square of an average residence time tavg, DI = 100·σ2/tavg

2.

9. The apparatus of claim 8, wherein the pitch of the paddles at the first end of the shaft is higher than the pitch of the
paddles at the second end of the shaft to provide an increased conveying rate where the pulp particles enter, thereby
providing means for providing a predetermined pulp particle fill level in the shell.

10. The apparatus of claim 8, wherein the paddles are spaced axially along the shaft at a sufficient distance to minimize
or avoid bridging or plugging of the pulp particles therebetween.

11. The apparatus of claim 8, wherein the means for recovering bleached pulp is a dilution tank and wherein water is
added to the dilution tank to lower the consistency of the bleached pulp and to serve as an ozone gas seal.

12. The apparatus of claim 8, further comprising means for comminuting the pulp particles operatively associated with
the means for introducing the pulp particles into the shell.

13. The apparatus of claim 8, wherein the gaseous bleaching agent introducing means includes means for introducing
the gaseous bleaching agent in a countercurrent direction to the movement of the pulp particles.

14. The apparatus of claim 8, wherein the paddles are positioned approximately at 240° spacings in a helical quarter-pitch
pattern on at least a portion of the shaft.

Patentansprüche

1. Verfahren zum Bleichen von Zellstoff, bei dem:

Zellstoff mit einer hohen Konsistenz von mehr als 20 % in eine Reaktionszone eingeführt wird,
ein ozonhaltiges, gasförmiges Bleichmittel in die Reaktionszone eingeführt wird; und
der Zellstoff durch Pfropfenströmung so lange durch die Reaktionszone befördert wird, bis der Zellstoff gebleicht
ist,

dadurch gekennzeichnet, dass der Zellstoff in Form von Teilchen vorliegt, die eine ausreichende Größe haben,
dass die im Wesentlichen vollständige Durchdringung durch das ozonhaltige, gasförmige Bleichmittel erleichtert
wird, wenn er dessen Einwirkung ausgesetzt wird, unter Verwendung eines Schaufelförderers, der Schaufeln um-
fasst, die kleiner sind als die CEMA-Standardschaufelgröße, die in Form einer nicht überlappenden Anordnung
montiert sind, in einem Gehäuse die Zellstoffteilchen hochgehoben, verschoben und in einer radialen Richtung
geworfen werden, während sie die Reaktionszone durchtreten, um die Zellstoffteilchen in dem ozonhaltigen Bleich-
mittel zu dispergieren und im Wesentlichen sämtliche Oberflächen eines Hauptteils der Zellstoffteilchen der Einwir-
kung des ozonhaltigen, gasförmigen Bleichmittels auszusetzen; während die dispergierten Zellstoffteilchen mit ei-
nem Dispersionsindex DI von weniger als 8 für eine vorher bestimmte Verweilzeit des Zellstoffs, die ausreicht, um
einen Füllstand von mindestens 10 Prozent der dispergierten Teilchen im Gehäuse aufrecht zu erhalten, durch die
Reaktionszone befördert werden, um einen im Wesentlichen gleichmäßig gebleichten Zellstoff mit einem höheren
GE-Weißgrad zu bilden, wobei der Dispersionsindex DI 100 mal das Verhältnis einer Varianz σ2 der Verteilung in
der Verweilzeit zum Quadrat einer durchschnittlichen Verweilzeit tavg, DI = 100 · σ2 / tavg

2 ist.

2. Verfahren nach Anspruch 1, bei dem ferner die axiale Bewegung der Zellstoffteilchen verringert und die radiale
Bewegung der Zellstoffteilchen maximiert wird, um die Zellstoffteilchen und das ozonhaltige, gasförmige Bleichmittel
maximal zu durchmischen und in Kontakt zu bringen, während die Zellstoffteilchen hochgehoben, verschoben und
geworfen werden.
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3. Verfahren nach Anspruch 1, wobei das ozonhaltige, gasförmige Bleichmittel zu der Bewegungsrichtung der Zell-
stoffteilchen gegenläufig eingeführt wird.

4. Verfahren nach Anspruch 1, bei dem ferner der Zellstoff mit hoher Konsistenz fein zerkleinert wird, um die Schütt-
dichte der Teilchen vor der Einführung der Teilchen in die Reaktionszone zu verringern.

5. Verfahren nach Anspruch 4, bei dem ferner die Zellstoffteilchen unmittelbar nach der Einführung der Teilchen mit
einer ersten Geschwindigkeit durch die Reaktionszone befördert werden und anschließend die Zellstoffteilchen mit
einer zweiten Geschwindigkeit in der Reaktionszone befördert werden, um einen vorbestimmten Zellstofffüllstand
darin aufrechtzuerhalten.

6. Verfahren nach Anspruch 5, bei dem die erste Geschwindigkeit, mit der die Zellstoffteilchen befördert werden, höher
ist als die zweite Geschwindigkeit und das gasförmige Bleichmittel zwischen etwa 1 und 8 Gewichtsprozent Ozon
enthält.

7. Verwendung einer Reaktorvorrichtung (14), die:

ein Gehäuse (14) mit einem Zellstoffeinlass (34) und einem Zellstoffauslass (46),
Einrichtungen (12) zur Einführung von Zellstoff mit hoher Konsistenz (16) in das Gehäuse (14),
Einrichtungen (18) zur Einführung eines Stroms eines ozonhaltigen, gasförmigen Bleichmittels in das Gehäuse
(14), und
Einrichtungen (22) zur Beförderung des Zellstoffs (16) durch das Gehäuse (14) durch Pfropfenströmung, auf-
weist

wobei die Beförderungseinrichtungen (22) der Vorrichtung Dispergiereinrichtungen zum Hochheben, Verschieben
und Werfen des Zellstoffs (16) in einer radialen Richtung während dessen Durchtritt durch das Gehäuse (14) auf-
weisen, um den Zellstoff so in dem ozonhaltigen, gasförmigen Bleichmittel zu dispergieren, dass im Wesentlichen
sämtliche Oberflächen eines Hauptteils des Zellstoffs der Einwirkung des ozonhaltigen, gasförmigen Bleichmittels
ausgesetzt werden, und um den dispergierten Zellstoff durch das Gehäuse durch Pfropfenströmung und mit einem
Dispersionsindex von weniger als 8 für eine vorbestimmte Verweilzeit des Zellstoffs, die ausreicht, um einen Füllstand
von 10 bis 50 Prozent der dispergierten Teilchen im Gehäuse aufrecht zu erhalten, zu befördern, um einen im
Wesentlichen gleichmäßig gebleichten Zellstoff mit höherem GE-Weißgrad herzustellen, wobei der Dispersionsindex
DI 100 mal das Verhältnis einer Varianz σ2 der Verteilung in der Verweilzeit zum Quadrat einer durchschnittlichen
Verweilzeit tavg, DI = 100 · σ2 / tavg

2 ist;
zum Ozonbleichen eines Zellstoffs mit hoher Konsistenz, der eine Konsistenz von mehr als 20 % hat, mit einer
Teilchengröße, die ausreicht, dass die im Wesentlichen vollständige Durchdringung durch das ozonhaltige, gasför-
mige Bleichmittel wenn sie dessen Einwirkung ausgesetzt werden, erleichtert wird, um einen im Wesentlichen
gleichmäßig gebleichten Zellstoff mit höherem GE-Weißgrad herzustellen;
wobei die Einrichtung zur Beförderung und Dispergierung einen Schaufelförderer mit Schaufeln umfasst, die kleiner
sind als die CEMA-Standardschaufelgröße, die in Form einer nicht überlappenden Anordnung montiert sind.

8. Reaktorvorrichtung (14) zum Ozonbleichen von Zellstoffteilchen mit hoher Konsistenz, die eine Konsistenz von
mehr als 20 % aufweisen, einem ersten GE-Weißgrad und einer Teilchengröße, die ausreicht, dass die im Wesent-
lichen vollständige Durchdringung des Hauptteils der Zellstoffteilchen durch Ozon, wenn sie dessen Einwirkung
ausgesetzt werden, erleichtert wird, auf einen zweiten, höheren GE-Weißgrad, wobei die Vorrichtung aufweist:

ein Gehäuse (14) mit einem Zellstoffeinlass (34) und einem Zellstoffauslass (46),
Einrichtungen (12) zur Einführung von Zellstoff mit hoher Konsistenz (16) in das Gehäuse (14),
Einrichtungen (18) zur Einführung eines Stroms eines ozonhaltigen, gasförmigen Bleichmittels in das Gehäuse
(14),
eine sich durch das Gehäuse (14) entlang einer longitudinalen Achse erstreckende Welle (20) mit einem zu
dem Zellstoffeinlass (34) benachbarten ersten Ende und einem zu dem Zellstoffauslass (46) benachbarten
zweiten Ende,
Beförderungs- und Dispergiereinrichtungen (22) zur Beförderung des Zellstoffs (16) durch das Gehäuse (14)
durch Pfropfenströmung, die der Welle zugeordnet sind,
Einrichtungen (28) zur Rückgewinnung restlichen, gasförmigen Bleichmittels und Einrichtungen (30) zur Rück-
gewinnung des gebleichten Zellstoffs und
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dadurch gekennzeichnet, dass die Beförderungs- und Dispergiereinrichtung (22) ein Schaufelförderer ist, der
eine Mehrzahl von Schaufeln (22A, 22B, 22C) aufweist, welche kleiner sind als die CEMA-Standardschaufelgröße,
die in Form einer nicht überlappenden Anordnung montiert und in einem vorbestimmten Muster angeordnet und
orientiert sind, durch das eine Schraubensteigung der Beförderungs-und Dispergiereinrichtung zum Hochheben,
Verschieben und Werfen der Zellstoffteilchen (16) in einer radialen Richtung, während diese durch das Gehäuse
(14) treten, definiert wird, um die Zellstoffteilchen (16) in dem ozonhaltigen, gasförmigen Bleichmittel zu dispergieren,
um im Wesentlichen sämtliche Oberflächen eines Hauptteils des Zellstoffs der Einwirkung des ozonhaltigen, gas-
förmigen Bleichmittels auszusetzen, während der dispergierte Zellstoff mit einem Dispersionsindex DI von weniger
als 8 für eine vorbestimmte Verweilzeit des Zellstoffs, die ausreicht, um einen Füllstand von 10 bis 50 Prozent der
dispergierten Teilchen im Gehäuse aufrecht zu erhalten, durch das Gehäuse durch Pfropfenströmung befördert
wird, um einen im Wesentlichen gleichmäßig gebleichten Zellstoff mit dem zweiten GE-Weißgrad herzustellen,
wobei der Dispersionsindex DI 100 mal das Verhältnis einer Varianz σ2 der Verteilung in der Verweilzeit zum Quadrat
einer durchschnittlichen Verweilzeit tavg, DI = 100 · σ2 / tavg

2 ist.

9. Vorrichtung nach Anspruch 8, wobei die Schraubensteigung der Schaufeln am ersten Ende der Welle höher ist als
die Schraubensteigung der Schaufeln am zweiten Ende der Welle, um an der Stelle, an der die Zellstoffteilchen
eintreten, eine erhöhte Beförderungsgeschwindigkeit zu erzielen, wodurch Mittel zum Erhalt eines vorbestimmten
Füllstandes an Zellstoffteilchen in dem Gehäuse bereitgestellt werden.

10. Vorrichtung nach Anspruch 8, wobei die Schaufeln axial entlang der Welle mit einem ausreichenden Abstand so
angeordnet sind, dass Brückenbildung oder Pfropfenbildung der Zellstoffteilchen dazwischen minimiert oder ver-
mieden wird.

11. Vorrichtung nach Anspruch 8, wobei die Einrichtung zur Rückgewinnung gebleichten Zellstoffs ein Verdünnungstank
ist und wobei Wasser in den Verdünnungstank gegeben wird, um die Konsistenz des gebleichten Zellstoffs zu
erniedrigen und als Abdichtung gegen Ozongas zu dienen.

12. Vorrichtung nach Anspruch 8, die ferner Einrichtungen zum Feinzerkleinern der Zellstoffteilchen aufweist, die be-
triebsbereit mit den Einrichtungen zur Einführung der Zellstoffteilchen in das Gehäuse verbunden sind.

13. Vorrichtung nach Anspruch 8, wobei die Einführeinrichtung für das gasförmige Bleichmittel Einrichtungen zum
Einführen des gasförmigen Bleichmittels gegenläufig zur Bewegungsrichtung der Zellstoffteilchen aufweist.

14. Vorrichtung nach Anspruch 8, wobei die Schaufeln zumindest in einem Teil der Welle in Abständen von etwa 240°
in einem Muster mit einer helikalen Viertelschraubensteigung (quarter-pitch) angeordnet sind.

Revendications

1. Procédé de blanchiment d’une pâte, qui comprend :

l’introduction d’une pâte de concentration élevée en fibres, supérieure à 20 %, dans une zone de réaction ;
l’introduction d’un agent de blanchiment gazeux contenant de l’ozone dans la zone de réaction ; et
l’avancée de la pâte dans la zone de réaction par écoulement en bloc pendant un temps suffisant pour l’obtention
du blanchiment de la pâte ;

caractérisé en ce que  la pâte est sous forme de particules d’une taille suffisante pour faciliter une pénétration
sensiblement totale par l’agent de blanchiment gazeux contenant de l’ozone lorsque la pâte est exposée à cet
agent ; en ce que, en utilisant, dans une enveloppe, un convoyeur à palettes comprenant des palettes de dimensions
inférieures à celles de la norme CEMA montées selon une configuration non-recouvrante de palettes, les particules
de pâte sont soulevées, déplacées et secouées dans une direction radiale tandis qu’elles passent au travers de la
zone de réaction pour disperser les particules de pâte dans l’agent de blanchiment contenant de l’ozone et pour
exposer sensiblement toutes les surfaces d’une majorité des particules de pâte à l’agent de blanchiment gazeux
contenant de l’ozone ; tandis que les particules de pâte dispersées sont avancées au travers de la zone de réaction
selon un indice de dispersion DI inférieur à 8 pendant un temps de séjour de pâte prédéterminé, suffisant pour
maintenir, dans ladite enveloppe, un niveau de remplissage d’au moins 10 % des particules dispersées pour former
une pâte blanchie sensiblement uniformément ayant une luminosité GE accrue, ledit indice de dispersion DI étant
égal à 100 fois le rapport entre une variance σ2 de la distribution du temps de séjour et le carré d’un temps de séjour
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moyen tavg, DI = 100.σ2/tavg2.

2. Procédé selon la revendication 1, qui comporte en outre la réduction du mouvement axial et l’augmentation au
maximum du mouvement radial des particules de pâte afin que le mélange et la mise en contact des particules de
pâte avec l’agent de blanchiment gazeux contenant de l’ozone soient portés à un maximum lorsque les particules
de pâte sont soulevées, déplacées et secouées.

3. Procédé selon la revendication 1, dans lequel l’agent de blanchiment gazeux contenant de l’ozone est introduit à
contre-courant du déplacement des particules de pâte.

4. Procédé selon la revendication 1, qui comporte en outre la division de la pâte de concentration élevée en fibres afin
que la masse volumique apparente des particules soit réduite avant l’introduction des particules dans la zone de
réaction.

5. Procédé selon la revendication 4, qui comprend en outre l’avancée des particules de pâte à un premier débit dans
la zone de réaction juste après introduction des particules, puis l’avancée des particules de pâte à un second débit
dans la zone de réaction pour le maintien d’un niveau prédéterminé de remplissage de la pâte dans cette zone.

6. Procédé selon la revendication 5, dans lequel le premier débit d’avancée des particules de pâte est supérieur au
second débit, et l’agent de blanchiment gazeux contient entre environ 1 et 8 % en poids d’ozone.

7. Utilisation d’un appareil réacteur (14) comprenant :

une enveloppe (14) ayant une entrée de pâte (34) et une sortie de pâte (46) ;
un moyen (12) d’introduction, dans l’enveloppe (14), d’une pâte (16) de concentration élevée en fibres ;
un moyen (18) d’introduction, dans l’enveloppe (14), d’un courant d’un agent de blanchiment gazeux contenant
de l’ozone ; et
un moyen (22) destiné à, faire avancer la pâte (16) dans l’enveloppe (14) par écoulement en bloc, ledit moyen
d’avancée (22) de l’appareil comprenant un moyen de dispersion destiné à soulever, déplacer et secouer la
pâte (16) dans une direction radiale lorsqu’elle passe dans l’enveloppe (14) afin que la pâte soit dispersée dans
l’agent de blanchiment gazeux contenant de l’ozone et que toutes les surfaces de la majorité de la pâte soient
exposées sensiblement à l’agent de blanchiment gazeux contenant de l’ozone et que la pâte dispersée avance
dans l’enveloppe par écoulement en bloc et avec un indice de dispersion DI inférieur à 8 pendant un temps de
séjour de pâte prédéterminé suffisant à maintenir, dans ladite enveloppe, un taux de remplissage de 10 à 50
% desdites particules dispersées, pour la formation d’une pâte blanchie de façon sensiblement uniforme, ayant
une luminosité GE accrue, dans lequel ledit indice de dispersion DI est égal à 100 fois le rapport entre une
variance σ2 de la distribution du temps de séjour et le carré d’ un temps de séjour moyen tavg, DI = 100 . σ2/tavg

2

pour le blanchiment à l’ozone d’une pâte de concentration élevée en fibres, ayant une concentration en fibres
supérieure à 20 %, et une taille de particules suffisante pour faciliter une pénétration sensiblement complète
par l’agent de blanchiment gazeux contenant de l’ozone lorsqu’elle est exposée audit agent, pour former une
pâte blanchie sensiblement uniformément ayant une luminosité GE accrue ;
le moyen d’avancée et de dispersion de la pâte comprenant un convoyeur à palettes comprenant des palettes
de dimensions inférieures à celles de la norme CEMA, montées selon une configuration de palettes non-re-
couvrantes.

8. Appareil réacteur (14) de blanchiment par l’ozone d’une pâte de concentration élevée en fibres, destiné au blan-
chiment par l’ozone de particules d’une pâte de concentration élevée en fibres, ayant une concentration en fibres
qui dépasse 20 %, une première luminosité GE et une taille de particules qui suffit pour faciliter une pénétration
sensiblement complète de la majorité des particules de pâte par l’ozone lors de l’exposition de ces particules à
l’ozone, jusqu’à une seconde luminosité GE plus élevée, ledit appareil comprenant :

une enveloppe (14) ayant une entrée de pâte (34) et une sortie de pâte (46) ;
un moyen (12) d’introduction, dans l’enveloppe (14), d’une pâte (16) de concentration élevée en fibres ;
un moyen (18) destiné à introduire, dans l’enveloppe (14), un courant d’un agent de blanchiment gazeux con-
tenant de l’ozone ;
un arbre (20) disposé dans l’enveloppe (14) suivant son axe longitudinal et ayant une première extrémité
adjacente à l’entrée (34) de pâte et une seconde extrémité adjacente à la sortie (46) de pâte ;
un moyen d’avancée et de dispersion (22) associé à l’arbre et destiné à faire avancer la pâte (16) dans l’enveloppe
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(14) par écoulement en bloc ;
un moyen (28) pour récupérer l’agent de blanchiment gazeux résiduel et un moyen (30) pour récupérer la pâte
blanchie ; et

caractérisé en ce que  le moyen d’avancée et de dispersion (22) est un convoyeur à palettes, qui inclut une pluralité
de palettes de dimensions inférieures à celles de la norme CEMA (22A, 22B, 22C) montées selon une configuration
non-chevauchante, et positionnées et orientées selon un disposition prédéterminée définissant un pas du moyen
d’avancée et de dispersion pour le soulèvement, le déplacement et le secouage des particules de pâte (16) dans
une direction radiale, tandis qu’elles passent au travers de l’enveloppe (14), pour disperser les particules de pâte
(16) dans l’agent de blanchiment gazeux contenant de l’ozone et exposer sensiblement toutes les surfaces de la
majorité de la pâte à l’agent de blanchiment gazeux contenant de l’ozone, tandis que la pâte dispersée avance dans
l’enveloppe par écoulement en bloc et avec un indice de dispersion DI inférieur à 8 pendant un temps de séjour de
pâte prédéterminé suffisant à maintenir, dans ladite enveloppe, un taux de remplissage de 10 à 50 % desdites
particules dispersées, pour la formation d’une pâte blanchie de façon sensiblement uniforme, ayant la seconde
luminosité GE, dans lequel ledit indice de dispersion DI est égal à 100 fois le rapport entre une variance σ2 de la
distribution du temps de séjour et le carré d’un temps de séjour moyen tavg, DI = 100 . σ2/tavg

2.

9. Appareil selon la revendication 8, dans lequel le pas des palettes au niveau de la première extrémité de l’arbre est
plus grand que le pas des palettes au niveau de la seconde extrémité de l’arbre afin qu’un plus grand débit de
transport soit obtenu à l’entrée des particules de pâte, fournissant ainsi un moyen assurant un niveau prédéterminé
de remplissage des particules de pâte dans l’enveloppe.

10. Appareil selon la revendication 8, dans lequel les palettes sont espacées axialement le long de l’arbre à une distance
suffisante pour que la formation de ponts ou le bouchage par les particules de pâte placées entre elles soient réduits
à un minimum ou évités.

11. Appareil selon la revendication 8, dans lequel le moyen de récupération de la pâte blanchie est un réservoir de
dilution, et de l’eau est ajoutée dans le réservoir de dilution afin qu’elle réduise la concentration en fibres de la pâte
blanchie et serve de joint d’étanchéité pour l’ozone gazeux.

12. Appareil selon la revendication 8, comprenant en outre un moyen de division des particules de pâte associé opé-
rationnellement au moyen d’introduction des particules de pâte dans l’enveloppe.

13. Appareil selon la revendication 8, dans lequel le moyen d’introduction de l’agent gazeux de blanchiment comprend
un moyen d’introduction d’agent gazeux de blanchiment à contre-courant du déplacement des particules de pâte.

14. Appareil selon la revendication 8, dans lequel les palettes sont disposées avec des espacements d’environ 240°
selon un diagramme hélicoïdal d’un quart de pas sur une partie au moins de l’arbre.
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